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[57] ABSTRACT

There is provided by the invention a structure-activity model
for identifying avian repellent compounds. It has now been
found that certain topological and clectronic features of a
molecule, especially the presence of a core ring structure,
the basicity of the molecule in general, and the electrone-
gativity of the core ring structure, are predictive of its avian
repellency. Such features may be used to identify avian
repellent compounds and such compounds may be utilized
in methods for repelling birds from consuming or utilizing
a material. There is further provided by this invention, novel
avian repellents for use in methods of repelling birds from
consuming or utilizing materials otherwise susceptible to
consumption or utilization. Additionally, methods for repel-
ling birds from consuming or utilizing non-potable aquafic
habitats are provided herein.

25 Claims, 4 Drawing Sheets
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METHODS OF IDENTIFYING THE AVIAN
REPELLENT EFFECTS OF A COMPOUND
AND METHODS OF REPELLING BIRDS
FROM MATERIALS SUSCEPTIBLE TO
CONSUMPTION BY BIRDS

CROSS REFERENCE TO RELATED
APPLICATIONS

This is a continuation-in-part of application Ser. No. .,

08/102,855, filed Aug. 6, 1993, now abandoned which is a
continuation of application Ser. No. 07/836,054, filed Feb.
12, 1992, now abandoned which is 2 continuation-in-part of
application Scr. No. 07/679,432, filed Apr. 2, 1991, now
abandoned.

FIELD OF THE INVENTION

This inveation relates to methods for repelling birds from
consuming or utilizing materials otherwise susceptible to
consumption or utilization by birds, including methods for
repelling birds from consuming or utilizing non-potable
water. The invention also relates to methods of predicting
the avian aversive characteristics of compounds.

BACKGROUND OF THE INVENTION

Industrial applications for wastewater impoundmeats.

Growing human populations place increasing demands on
agriculture and industry. Processes from industry and agri-
culture often produce by-products, such as wastc wates,
which must be stored in impoundments until it can be safely
p‘occsscd.WhﬂcﬂzcscimpoundmcntsmaymctFodaal
and State regulations pertaining to protection of
groundwater, they often pose an inherent risk to wildlife.
Allen, C., “Mitigating impacts to wildlife at FMC Gold
Company’s Paradise Peak Mine”, McQuivey, R, coord.
Proc. Nev. wildL/mining workshop Nev. Mining Assoc.,
Nev. Dept. Minerals, and Nev. Dept. WildL 67-71 (1990);
Kay, E R., “NDOW's role: past, present, future”, ibid 18-22
(1990). Waterfowl and other game species are often attracted
to such freestanding water. Should the wildlife drink from
impoundmeats, they risk death or exposure to the bioaccu-
mulation of toxic substances, ¢.g. hecavy metals and
mutagens.

There is ample evidence to indicate that bioaccumulation
of toxicants can decrease the reproductive capacity of
waterfowl, and hence negatively affect wildlife populations.
Otleadarf, N. M., ¢t al., “Nest success, causc-specific nest
failure, and hatchability of aquatic birds at sclenium-
contaminated Kesterson Reservoir and a reference site”,
Condor 91:787-796 (1989); Williams, M. L., et al,
“Recruitment faflure in American avocets and black-necked
stilts nesting at Kesterson Reservoir, California,
1984--1985”, Condor 91:797-802 (1989). However, cvea if
the actual impact of impoundments on wildlife populations
is negligible, protection of wildlife is an important issue. For
example, the Migratory Bird Treaty Act (16 US.C. §
703-711) sets zero tolerance for bird mortality. See also,
Lacey Act, 18 U.S.C. § 42-44; Black Bass Act, 16 U.S.C. §
851-856; Bald Eagle Protection Act, 16 US.C. §§

| 668-668d; Turiff Classification Act of 1962, 19 US.C. $

1202, (Schedule 1, Part 15D, Headnote 2, T.S.US.); Endan-
gered Species Conservation Act of 1969, 16 US.C. §¢
6682a—668cc-6). The U.S. Fish and Wildlife Scrvice has
targeted the mining and petroleum industries for eaforce-
mtinanmunpttoeliminmmcnmwdvcnmsmcem
wastewater ponds represent to birds, and to bring these
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industries in compliance with the Migratory Bird Treaty Act.
However, traditional hazing methods arc ineffective at
achieving zero mortality. (Kay, supca (1990); Jackson, W. B.
“Bird Repelling Techniques™. Pages 46-50. in R. McQuivey,
coard. Proc. Nev. wildl/mining workshop. Nev. Mining
Assoc., Nev. Dept. Minerals, and Nev. Dept. Wild! (1990).
The only cutreat commercially avaiflable effective means of
preventing wildlife from using poads is exclusion by net-
ting. Because wastewater ponds typically range from 1 to
400 acres, this option is often impractical. For example,
FMC Gold Company, speat $8 million (in netting) at the
Paradise Peak Mine to exclude waterfowl; this investment
resulted in reducing avian mortality from 1,548 in 1986-87
to 88 in 1988-89. Allen, C., supra, Department of Wildlife,
State of Nevada Statistics on bird mortality (1990). The
inability to reduce montality to zero reflects the failure of
netting under variable and severe weather conditions. Thus,
despite substantial reductions in avian mortality, the results
of exclosure still do not meet the requirements set
forth by the U.S. Fish and Wildlife Service.

Other means of protecting wildlife are also expeasive. For
example, the gold/silver mining industries, in which UsS.
sales were over $3.3 billion for 1989, use cyanide to extract
heavy metals from ore. Because cyanide is used, the leachate
impoundments are highly toxic to wildlife. Eliminating the
cyanide used in the mining industrics from ponds via
quenching may cost $240-400,000/year for a mid sized
operation. Excluding birds from poads until cyanide recla-
mation or quenching can be achieved is also costly, running
between $9-13,000/acre, resulting in costs of $36-404,000
for a range of pond sizes from 3 to 45 acres. Schroeder, M.
L., “The netting of cyanide ponds at Copperstone Gold™, -
Pages 72-81. in R. McQuivey, coord. Proc. Nev. wildL/
mining workshop. Nev. Mining Assoc., Nev. Dept. Minerals,
and Nev. Dept. Wildl (1990). Further, quenching is often ot
desirable because cyanide can be recovered and used again.

Economic figures for the petroleum industry and agricul-
ture wastewater drainage basins are not readily available. It
is clear, however, that wastcwater negatively impacts wild-
life. Successful breeding at agriculturally contaminated sites
has all but ccased due to bicaccumulation of selenium in
eggs. Otlendorf, H. M., et aL,, supsa, (1989). The U.S. Fish
and Wildlife Service is seeking methods to discourage birds
from breeding at the contaminated reservoirs. Methods
proposcdhavcbeenasdmsﬁcaspoisoningﬂ:caquﬁc
invertebrate communities in the reservoir so as to eliminate
bird food resources. To date, no method has been effective.

It is clear from the above data that birds are at risk when
thcycomclnoontactwithwastcwmnisalsodcarmax
industry and agriculture have 2 substantial investmeat to
protect. However, the only current commercially available
effective means of preventing wildlife from utilizing waste-
water ponds (exclusion by netting) is often impractical.
There is a nced to develop an economical alternative ot
ancillary strategy for repelling birds from consuming of
utilizing non-potable water that may not be suitabje for
nutritive purposes or sustenance. Certain embodiments of
the present invention relate to materials and methods for
dissuading birds from consuming of otherwise utilizing
industrial or agricultural wastewater. This invention
discloses, inter alia, methods whereby consumption of
wastewater is reduced to zero, or to levels within the
toxicological tolerance of avian species.

Aviation industry and application to free-standing freshwa-

ter.
An additional arca of conflict between wildlife and
humans arises at airparts. Guils, waterfowl and other specics
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frequeatly ock to temporary poois of fresh water at airports
after heavy rains, creating safety hazards for aircraft.
Blokpoel, H., “Bird hazards to aircraft”, Can. Wildl. Sexv.,
Ottawa, Capada. 236 pp. (1976). Many airports report
murazrous airstrikes with birds. Birds arc often attracted fo
afrports after ralns because of the freestanding water which
accummiates on tarmacks and rupways In 1989, the eco-
nomic losses to the US. military opxzations weae ur the
order of $30 million. Civilian losses were reported to be a
mintmura of $100 million (L ISDA-FAA liaison office, Atlan~
tic City). As 1s the case ip mining operations, waditional
hezing techniques are ineffective. The birds are only moved
from oae Jocation to another near the airpart or soon bocome
habituated (o the hazing. The goal is to dissuade the birds
froro usiog the airpart at all. Curcently, there are no practical
methods for decreasing aviso udlization of non-potable
water pools formed after rain storms or after imrigation,
Theze is a nzed (0 develop a practical strategy for cepelling
birds from consuming or unlizing such non-potsble water.
Certaln embodiments of the prezent invention relate to
materials and methods for reducing avian consumption ar
utilization of non-potable water pools.

Edible additives and agricultural applications.

Blackbirds and starlings (Srirmus viafgaris) cin causc
significaut feed loss scasopally at cattle and swine
operations, with the larger feedlots suffering the most dars-
age, See &.g., Beaser, ). K, et al,, “Haiting starlings with
DRC-1339 at a cattle feaddlot”, J. Wildl Manage. 31:48-51
(1967): Palmer, T. X., “Pest bird damage control in catile
feedlots: the (ntegrated systems approach”, Proc. Vertebr.
Pest Conf. Montersy, Calif. (1976); Feare, C. J., ‘The
ecogemice of stacling damage™, Econ of Dam 2:39-54
(1980). Estimates of the grain coroponent of foed lost o
birds ranges from 10-12%. Feare, C. 1., & al. “Starling

damage and its prevention at an open-fronted calf yard”, »

Anim. Prod, 26:25%-265 (1978). The risk of avian feedlot
depredation to individual farmery is significant. Twenty-six
percent of farmers in Temnessee reported more than negli-

gible damage, with 6% reporting significant losses of feed to
birds. Glahn, J. F,, ¢t al,, “Dimethyl anthranilate as a bird

repellent in livestock fesd”, WildL Soc. Bull. 17:313-320
{1989), Use of repellents to reduce consuroption would be
beneficial If costs of the repellent could be kept below 10%
of the cost of the feed. -

Birds sieo cause significant darnage to kvestock by trans-
mitting disease. For example, over 10,000 pigs were lost o
gastroenteritis duxing the winter of 1978~79 in onc county in
Nebraska. Although the total mumber of swine and cattle
farms in not readily xvailable foc the U.S., it is clear that the
potential economic 10ss of stock through transmissible dis-
ease iy Iarge. Certaln embodiments of the present inveation
relate 1o matezials sad methods for reduciag livestock losses
due to certzin aviae species.

Birds alio cause significant damage to crops. Curzently,
there is & meed to develop non-Icthel hird repellemts to
contral avian cop depredation aod accidenial bird poison-.
ings. Mason, ef sl, “Anthranilate repellency to starlings:
Chemical corcelates and sensocy pereeption,” J. Wildf
Manage, 53:55-64 (1989). Certain embodiments of the
present invention relate (0 materials and methods for reduc-
ing c<op losges due to certaln avian species.

Senzory Biology of Birds.

Repeliency in birds is substanfiafly different than that in
memmaiz. Szolscasyi, J., et al., “Nociception in pigeons is
ot impaired by tapuaicia”, Pain 27:247-260 (1986);
Massca, J. R., et al., “Exploitable characteristics of ncopho-
bia and food aversions for improvementx in rodent and bird
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conwrol”, Pages 20-39 in D. B. Kaukiensn, od. Verfebrafe
pest control and management materiols. Am. Sae. for Test-
ing and Materials, Philadclphia, Pa. 315 pp (1983). Although
there is evidence that irritants are perceived similarly within
a vertchrate class, there are dramatic differences in percep-
tion between classcs. Birds do nol avoid [amiliar mamma-
Tian irrifants such as ammonia, giggerol, zingerooe,
hydraquinones, naphthalenc. Dolbeer, ct al., “Naphthalenc
shows no repellency for sfarlings,” Widl. Soc. Bull.
16:62—64 (1988); Mason & Otis, “Bifectiveness of six
potential jrritants on consumption by red-wingrd blackbirds
(Agelainy phoeniceus) and starlings (Sworvws velgaris),”
Chemical Serses, vol. 2, pp. 309-22 (Green, Mason & Kare,
cds.), Marcel Dekker, Inc., NUY. (1990). Other mammalian
[eeitaues, such as piperinc, alfyl isothiocyanate 2nd mercap-
tobenzole acld, have some repetlent effects, but only at high
concentrations (>10,000 pproy under specific presentation
schemes. Masgon & Oxis, supra (1990). The most striking
example of the ditf'erence between birds and mammats iz for
capsaicin, Mammals uniformly avoid capsaicin (the hotness
in red ufulics) at about 100-1000 ppry. Birds will readily
consurne up fo 20,000 ppm. Solzesanyd, et al., “Nocleeption
in pigeons is nol impaired by capsaicin,” Pain 27:247-60
(1986); Mason, ct al., “lzxar-specific differences in respon-
siveness w capsaicin and scyeral analogucs: corrclates
betwean chemical structure and hehavioral aversiveness,” J,
Chem Ecal. 17:25339-51 (1991).

Avoidance of 3 compuound can be based on postinges-
tional facfors, e.g., toxicity, where a conditioned aversion to
a senrory cucis learncd. Avoidanes can also be mediated via
purely kengory cues. Clark, ct al., “Cheraical Repelicncy in
Birds: Relationship between chemical structure 2pd avoid-
wace response,” J Exper Zool 260:310-322 (1991). Methyl
and dimethy! anthranilate (MA and DMA, respectively) are
ester detivatives of antheanilic acid. MA, DMA and other
ester derivatives of anthraniic acdd as well as esfers of
phenylacetic acid, have been shown to be effective bird
repellents with preferred embodiments as feed additives to
deter feed 1088 (U5, Pat. Nos. 2,967,128 and 4,790,990) and
as amti-grazing compound for geese and swans (Mazon, L
R., supra, (1989)). That olfactior and trigeminal chemaore-
ception undedic the aversiveness of methyl and dimethyl
anthranilate fo binds (Mason, 1. R., ct al., “Anthrasilate
repellency to starlings: chemical carrefates and sensory
perception” S, Wildf. Manage 53:55—4 (1989)), suggests
that avoidance is based upon ador quality and irmitation.
These findinge are in sharp cootrast to earlier findings
claiming that the limited (aste capacities of birds mediated
repellency. Recent findings lndicate that birds are fully
capable of making quantitative and qualitative odor dis-
criminations. Mason, 1. R., et al. “Conditioned odor aver-
sions in starlings (Stwrmus vulgaris), possibly mediated by
nasofrigeminal cues”, Brain Res. 269:196-19% (1983);
Mason, J. R., et al , supra, (1989); Clark, L., ¢ al., “Olfac-
tory discrimination of planf voiatiles by the
statling™, Anim. Behaw 35:227-235 (1987); Clark, L., ct al.,
“Seansitivity of brown-headed cowbirds 10 volatiles” Candor
01922 932 (1989); Clark, L., et al., “Seasonsd ¢hifls in odor
acuity by starlings™, J. Exp. Zool. 255:22-29 (1990); Clark,
L., “Odor detection thresholds in tree swallows and cedar
waxwings”, Auk 108:177-180 (1991). indeed, many birds
avoid edibles based upon chemosensory cues. Schuler, W,
“Responscy 10 sugars and their behavioral mechanisms in
the starlings™ (Stwraus valgaris), Behavioral Ecol. and
Sociobiotogy 3:243-51 (1983): Mason, et al., “Anthranilate
repellency to staclings: chemical carrclates and scnsory
perception,” J. Widl. Manage. 53:55-64 (198S). When
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avoidance is nonlcarned and resistant to habituation, the bird (1992). Until now the small number of compounds known in
is most likely responding to a chemical imitant. Clark &  the art to be capable of repelling birds from consuming or
Mason, “Interactions between scasory and postingestional utilizing materials otherwise susceptible to consumption or
repellents in stadings: methyl anthranilate and sucrose,” utilization by birds, were identified empirically without
Ecol Appl 3:262-7Q (1993). Mediation of imitation is via 5 recoguoition of the underlying principles taught herein. There
the chemically sensitive fibers (A and C fibers) of the  is a need for a method of predicting the avian repellency of
trigeminal nerve. Finger, et al., “Affecter and effector func-  a compound. Certain embodiments of the present invention
tions of peptidergic innervation of the nasal cavity,” Chemi-  relate to methods for predicting the avian repellency of a
cal Senses, vol. 2, pp. 1-18 (Green, Mason & Kare, eds.), compound. The inveation has considerable value in that it
Marcel Dekker, Inc., N.Y. (1990). These fibers are typically 10 adds novel avian repellents and allows identification of
found in the highest densitics around mucous membranes; additional novel avian repellents to be added to the small list
for birds, this carresponds to the cyes and buccal and nasal of chemicals known to effectively repel birds from consum-
cavities. _ing or utilizing materials susceptible to consumption or
Current Need for Avian Repelleats. utilization by birds. As such, the inveation represents a
Although MA and DMA have been shown to repel birds 15 signrificant contribution to improved agricultural technology,

from edibles, not all of the ester derivatives of anthranilic and fulfills a technological need.
acid are repellent to birds. For example, linalyl anthranilate Further provided by this invention are methods of repel-
is a good repellent, Whereas phencthyl anthranilate, a com- .- ling birds from non-potable water. Curreatly, there are no
pound with the same molecular weight, is not repellent. .  chemicals commercially available to prevent the accidental
Clark, et al., supra, (1991). These data suggest that isomer- 20 ingestion of pelleted agricultural chemicals, treated seeds,
ization is not the only important factor in identifying bird  agricultural wastewater, or the toxic solutions found in

repellent compounds.
Further, a simple aqueous emnlsion of DMA sprayed on

food lacks sufficient taste persistency to serve as an eco-

industrial evaporating ponds. Shah, et al, “Prediction of
Avian Repellency from Chemical Structure: The aversive-
ness of vanillin, vanillyl alcobol, and veratryl alcohol,”

nomically attractive tastc aversive agent. US. Pat. No. 25 Pesticide Biochem and Physiol 40:169-175 (1991).

4,791,990. Although emulsion in a liquid other than water
may increase tastc persistency and thereby increase avian
aversiveness, it is suggested that once evaporation of the
cmulsive agent occurs, flavor pessistency will rapidly

Additionally, if used to reduce the non-target hazards
associated with mammalian toxicants and agrichemicals, the
invention could have a substantial positive environmental
impact. If used to reduce wildlife hazards associated with

decrease. Further, DMA is light sensitive and will degrade to 30 formulated agricultural chemicals, the invention could have

a poneffective form in sunlight without adequate protection.
Thus, aithough the avian repellent properties of certain
anthranilic esters have beea recognized, such esters have
been used only for repelling birds from edibles. Ecologically

sound avian repelleats have numerous advantages. For 3s

example, coniferyl benzoate, a compound found in quaking
aspen (Populus tremuloides Michx), is an important factor
mediating ruffed grouse food selection. Jakubas, W. &
Guillon, “Coniferyl benzoate in quaking aspen a ruffed

an enormous ecopomic impact, particularly on major Ameri-
can chemical producers, and the farmers who rely on the
coatinued availability of the producer’s agricultural prod-
ucts.

OBJECTS OF THE INVENTION

I is an object of this invention to provide novel avian
repellents and methods of repelling birds from consuming or
utilizing a material otherwise susceptible to consumption or

feeding detemrent,” J. Chem. Ecol. 16:1077-87 40 yeilization by birds.

grouse
(1990); Jakubas, et al., “Ruffed grouse feeding behavior and
its relationship to the sccondary metabolites of quaking
aspen flower buds,” J. Chem. Ecol. 15:1899-1917 (1989).
However, there is a need to identify naturally occurring

compounds that would repel ommivorous birds such as 4s

starlings. There is an interest in bird repellents that pose little
or no eavironmental risk duc to a low potential for bioac-
cumulation and a specific biological action. The paramount
advantage is that the birds can be kept away from crops or

It is a further object of this invention to provide methods
for repelling birds from consuming or utilizing non-potable
water.

It is still a further object of this invention to provide

- methods for predicting the avian repeliency of a compound,
and for using the compounds ideatified in such methods to
repel birds from consuming or utilizing a material.

These and other objects of the present invention will be

other materials while not increasing mortality risk due to so appareat from a review of the instant spedification and

exposure to the repellent. There is a further need for bird
repellent chemicals that serve as safe repellent additives to
agricultural products or standing water and that might serve
as safe speayable repellents for use on crops. Such repelleats

attendant claims.
SUMMARY OF THE INVENTION
It has now been found that certain topological and elec-

are preferred because agriculture, industry and wildlife ss tronic features of a molecule, especially the presence of a
interests would be met. If used to reduce wildlife hazards core aromatic structure, such as a benzene, thiazole or thiol

associated with formnlated agricultural chemicals, the eco- ring, the basicity of the molecule in general, and the elec-

logically sound avian repellant also could have an enormous
economic impact, particularly on major American chemical

tronegativity of the core aromatic structure, are predictive of
its avian repellency. In certain embodiments of the present

peoducess, and the farmers who rely on the continued ¢ invention, such features arc used to identify compounds

availability of the producer’s agricultural products. Mason
& Clark, “Nonlethal Avian Repellents: Curreat Status and
Considerations for the Future,” Proc. Vert. Pest Conf.

15:115-129 (1992).

capable of repelling birds from consuming or utilizing a
material otherwise susceptibie to consumption or utilization
by birds. In other embodiments of this invention, avian
repellent compounds identified by such methods are used in

Despite increasing demand, few non-lethal chemicals 65 methods for repelling birds from consuming or utilizing a
(Lc., repelients) are available for the control of avian dep-  material otherwise susceptible to consumption or utilization
redation and nuisance problems. Mason and Clark, supra by birds.
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There is fartha provided by this invention, novel avian
repelleats far use in methods of repelling birds from con-
suming or ubtllfzing materials othawisc susceptible to con-
sumption o vtllization. In such methods, an avizn repelient
amount of at least ope such compound 1s provided to the
material from which birds are to be repelled.

This invention further provides methods for repelling
birds from consuming or uwtilizing non-patable aguatic
habitatz, comprising providing to the aquatic habitat an
avien repellent aroount of at least one anthrandlic ester.

BRIEF DESCRTPTION OF THE DRAWINGS

FIG. 1. (A) Renking of rclative water copsumption as a
function of isameric position of the electron donating group.
Ortho and para {omers &re capable of resonance of lone
elecron pairs, the metz isomers are not. Consamption ia
relative to consumption of water controls. (B) Ranking of
relative water consumption as a function of basicity of the
malecule. Amine substituents are the most basic; hydroxy
substiuents are the keast bagic. (C) Ranking of rolative water
consumption &5 a function of the presence or ahsence of
iotramolecular hydrogen (H) boading.

FIG. 2. Laboratory drinking trials for European starlings.
N=3 birds per experimental group. During testing birds were
given: deionized, distilled water (H,0), watr from cyanide
holding poads with ¢ysnidc removed (Pand), deicnized,
distilied water treated with MA (MA-H,0), and poad water
weated with MA (MA-Poad). .

FIG. 3. Prequency of deinking behavior faor treated (MA)
and untrested (C) pools for ducks and gulls. Far ducks, the
data reflect the combined frequency for both fowmulations of
MA.

FIG. 4. Frequency of eatry inmto treated (MA) and
untreated (C) poals for ducks and gulls. For ducks, the data
depicted refiect the combined freguency for both forraula-
tona of MA.

DETAILED DESCRIPTION OF THE
INVENTION

Heretafore, avian repellents have been identified empiri-
cally. It has pow been found that certain topolugical and
dcctronic features of & molecule, especially the presence of
a care srovoatic structure, are predictive of ftz avian repel-

feacy. The core ring structures may be N—, $—, or O— -

substituted five or six ring structures in addition to being a
phenyl ring, as long as the ring is unsaturaled. An unsatur-
atod structure should be clecton rich (basic) and have
resonance. Those malccules that maximize the charge gra-
dicat between the clactron withdrawing and donating groups
are good repelleats, whereas acidification, especially within
electron withkirawing groups and delocalizatdon of loac pairs
of eloctrons hinders repellency. Those mofecules thal have
eleciron withdrawing groups conjugated in the same planc
&5 the arormatic ning structure arc better repejlents, whereas
electron withdraning substitucnts that arc not conjugated are
not repellent.

In cerwain embodiments of the present inventivo, the
structare-activity model provided hercin is used ia methods

of idendfylng avian repelicnt compounds. In such rmethods,
& compound having onc of the following core structures
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wherein R, or Ry. or R, . is ap electron donating group and
R, Is an elecron withdrawiny group or 2 neutral group
which group docs not sobstantially hinder clectron donation
to the core ring smuctore by R, is selected end optionally
tested to conficm its repellency.

Flectron donating groups are well knowno to those skilled
in the art and a vudety of suitable exaraples includs amine,
o-lower alkyl, N-fower alkyl, and N-di lower alkyl, Specific
cxamples would inclnde NIL,, NIICH,, NC,H,, NHOC,H.,
and OCH.,.

‘With rexpact to the substitucats on the core ring sttuctire,
it is prefared that R, i an clectron withdrawing group
(EWG) sndfor R, iy 1 group capabic of forniing a hydrogen
bonded ring structure wifh an clectron donating group, R,
Both types of R, groups are well known to those in the art
and a varicty of cxamples of such groups are shown hercin
and Include lower neyl, carboxylic acids, estars and nitro
groups as examples of clectron withdeawing groups. The
other type includes groups like CH, and CH,NH,. Specific

les far R, ioclude COCH,, COOCH,, COOC,H,,
COOU,H4-phenyl, COO-Hualyl, NC,, CH,0H and
COCH,NH,,. Thas, R, can be of two forms, an EW{ or not.
If it i3 an BWG, then in association with an R, at positions
2 and 4 resonance can occur and this contributes 1o repel-
leacy. R, may alsp contribate to repellency even if it 1v not
an EW<}, however it should form 2 hydrugea boaded ring
structure with R, ¢.g., 2-aminvbenzyl alcohol; or an elec-
tron donating group within itzclf, c.g, alpha-
aminoacctophenone. And it [s prefesred that the substitueats
on R, arc of the type that do wot substantizlly prevent R,
from donating electrons to the core mnng structure, ©.g.,
phencthyl andhranilate (probable steardic effects) or isotonic
anhydride (electronic effects).

1t is preferred that the cloctron donating groups, R, or R,
o Ry. contribafe clectrons to the coce ring structare, most
prefesably in position Z, 3 ar 4 with respect to R,. It is also
preferred that the electron donaling group is basic
Additionally, il is preferred that there is intramolecular
hydrogen boading between R, and R, when R, js in position
2 rclative to R,, c.g., ortho-amincacetophenone or
2-hydroxyacetophenone.

R, aud R, may compeise a helerocydic ring attached to
the vure ring strocture such as 4-keto benririazine,

Thet thesc core struchires, topological and electronic
foatures are prodictive of the avian repellency of a com-
pouod is uncxpected in view of the prior art. For example,
Kare (U.S. Tat. No. 2,967,128) teaches that substitution on
the pheayl ring of an acctate will decrease repellcut action
of the compound. It has now been found that substitution on
the pheayl ring is important as it relates to elecron donating
and withdrawing capacity; substitutions which preserve
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That these core structurcs, topological and electronic
fcmesmpmd!cdveoﬂheavhnmpenmcy of a com-
pound is also unexpected in view of Mason, Adams and
Clark, “Anthranilate repelicacy to starlings: Chemical cor-
relates and sensory pereeption,” J. Waldlife Management
§3:55-64 (1989). Based oa & systematic study of
anthranilates, Mason, et al., concluded that lipophilicity (the
ascwithwhidzamdeaﬂcmdissolvcinlnonpdn
solveat, Le., fat) was a critical predictor of repellency.
However, the data provided herein is not consistent with
mis.Potexamplc.muhylannnnﬂatc(MA),whid:has;

codﬁdcﬂ(mindaxofﬁpophﬂidty)d’w,ismndx
less than ortho-aminoacetophenone (OAP), which
hasapaﬁﬂoneodﬁdentofw.WhﬂcOAPis only half as
sohlblcinnonpohtsolthsrdaﬁvctoMA.OAPismorda
of magnitude more effective as a repelleat.

The structure-activity model tanght hereln for ideatifying
avian repellent compounds is a signifi
the art that not only facilitates identification of novel avian
repelients, but also accounts for differences in effectivencss
of differeat isomers. This model advances the understanding
of stereographic, electronic, and topological attributes of
chemicals considerably beyond consideration of empirical
foomulas.

Fctcxamplc,fmmthcdatapmvidcdha'cin,itlsappuent
thatnotnﬂlsomasd‘-mnvhnmpdlcnteompoundm
mpdlcnt.Sﬁnpksubstimﬁondmnotlcadtoaneqml
likelihood of repcllency. For e¢xample,
2-hy enone is a repelicat hydroxyacetophenone
isomer, whereas 3-hydroxyacetophcnone and
4-hydroxyacetophenone arc not repellent. Similarly,
2_aminobeszoic acid (anthranilic acid) is repelient whereas
3-aminobenzoic acid and c acid arc pot.
anthranilate, N-dimethyl
anthranilste, kinalyl anthranilate, proplonyl methyl anthra-
niht:mdmcuﬂxyhnﬂn-anﬂatemwpdlcntwhmsisobu—
tylmﬂn:nﬂxﬁc,hobutylmcﬂlylanmnnﬂatc,isobmyl-NN—
dimethyl anthranilate, and pheay] ethyl anthranilate are not
repelleat. Additionally, aromatics containing heterocydic
structurcs, such as isoquinoline, benzothiole, indole, and
2-actyl thiozole arc good repelleats, however, not all
pyroles, thiales thiazoles of quinontine structures arc repel-
hnt;onlyﬂmcwh{dxmcetmcnaeoehcmimlmddeo-
tronic attdbutes of the structure-activity model disclosed
berein are repelleat.

Generally, the nonrcpelicnt isomers for a given moiety
ddoedizzmclmcpakofmwagxwammm
obsavedfa'ﬂnmpdlwtmucumnomedcposiﬁonofmc
deau'ondomﬁngwbsﬂmmwhidxludstomsomccof
loncpaksofdcdxoukmimpmntfmcfmpdlcncy;
Lc..rcpellcncykcnhanoedwhenelwuondomﬁngmbsﬁm—
entsmlnmeatdxomdpmposhions.umdlhry
oonuﬂxnayfawtenhandngrcpcncncyisbdicvedwbc
the prescace of intramolecular hydrogen bonds. Combining

repellency.

10
4-ketobenztriazine, coniferyl benzoate, cinnamyl beazoate,
3-4-dimethoxycinnamyl beazoate, coniferyl aloohol, cin-
namyl alcobol, 3-4dimethoxycinnamyl! alcohol,
acctophenone, 2-amino-4,5-dimethoxyacetophenone,
methyl-2-methoxybenzoate, methyl-4-methoxybenzoate,
methyl benzoste, anthranil, 2-aminobenzyl alcohol, N,N-
dimethyl aniline, cthyl phemyl acctate, methyl phenyl

tetrahydroisoquinoline, 2-scetylthiazole, 2-acctyl thiophene,
thiazole, and tetrahydroquinoline.

These compounds are chemically and physiochemically
distinct. For example, acetopheaoncs, quinolines, triazines,
pyroles, pyridines, pyrazines, and thiopheacs arc all distinct
classes of chemicals with differing physiochemical proper-
ties. However, these novel avian repelients have features

_consistent with the stracture-activity model taught herein.

" In the practice of certain embodiments of the prescat
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lnvcnﬁon,ﬂxesc.compoundsmaybcappnedto the matesial
ﬁomwhidxﬁxdsmtobcrcpcﬂedinanymitablemann«z
Forcxamplc,liqlﬁdcmia'smaybccmployodmdmc
mpcnentmybcspnyedonthcmwddSece.g.U.S.m
No. 2,967,128 which pateat is incorporated by reference as
if fully sctfmﬂxhadn.'l‘hcoompoxmdmaybedispasedin
theliqtﬂdﬁ'omwhichthcbirdsmtobcmpdled.’lhc
mpcllcutmaybcatlcastparﬁallyunppedinasolidvehidc
toixnpmvcitspersismnqsudxasdisdosedinU.S.PaLNo.
4.790,990whichpatcntislnoupatatedbymfaenoctsif
ﬁxﬂysdfa‘dlhadn.ﬂcvehidcmybcamodiﬁedm
oil or polymer which at least partially encapsulates, emul-
sifies or substantially uniformly disperses the aversive agent.
merepdlcatoompoundandvdﬂdcmaybcdispased
tinoughoutsolidsconsumcdbyavimspedesmreduceﬂm
likelihood that they. will eat the treated edible. '
'Cmincmbodhncnmofﬂlcpucntinvcnﬁonmdimdcd
tomcdxodsofmpdlingwdsﬁcmeonsumingctumizing
non-potable liquids such as industrial or agricultural waste

~water, mine tailing ponds, and freestanding water on artifi-

cial surfaces like airport TUOWays and parking lots. “Non-
potablc”mfa*stoliqddsaaquaﬂchabitatswha'dnnld
uqtﬂdmybecmsmnedaudlizedbybkdstothedeﬁmnt
of man or the birds.

Previously it has becn shown, in U.S. Pst. Nos. 2,697,128
and 4,790,990, that dimethy anthranilate (DMA) and

anthranilate .(MA) are repellcats for some avian

wbcnlneotpaawdincrspnyedonfoodlotsafood
crops. In U.S. Pat. No. 5,187,196, it was disclosed that DMA
mdMAmaybeusedtompclgmcmd:wmﬁmhablms
for such birds. However, a simple aqueous emnision of
dimhylmﬁmnﬂathraycdonfoodlwbmﬂidcntﬂ:vor
pessistency to serve as an cconomically attractive flavor
aversive ageat. US. Pat. No. 4,791,990. Further, DMA is
nghtmsiﬂvemdwﬂldcgndetoanoncﬁecdvcfcnnln
sunlight without adequate protection. S , waste
water derived from pond tailings is actually preferred rela-
tive to deionized distilled water by binds. It has now been
un ydiscova'cdﬂmuuunentwﬁhttlastonc
anthranilic ester, such as MA, DMA, o a combination
thereof, synagisdcaﬂydca‘cseswnmpﬂon beyound what
oncwandapectbasedonuuumntofddonlzed.disdﬂed
water,

In the embodiments of the prescat inveation that provide
methods for repelling birds from coosuming o utilizing
mpuaﬂcwatﬁ,muvhnrepaﬂwtmmofnlananc
mﬂnn!llcetter.mdusMAorDMAamkuuumaeof.

is provided to such pon-potsblc water The anthranilic
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eseer(s) may be provided 1o the aon-potable water in any
suiteble mannet. For exampile, the antranilic ester(s) may
be dispcarsed in the non-patable water, or may be provided to
the noo-potable water by [iquid or solid cavier, such as a
starch, oll or palymer which at least partially encapsulates,
crmnlsifies o substantially disperses the anthrunilic ester(s)
inn the non-poteble water.

At lcast onc anthrenilic cster may be disparsed in the
liquid to reduce the armousnt. of liquid consumed by avian
species, and o reduce the likelihood that birds will rest or
swim in the liquid. The anthranilic ester(s) may be incor-
porated into freestanding water, industcial or agricultural
wastewstar or fluid taxic containment ponds to reduce the
likelihood that birds will drink, rest or swim in the liquid,
resulting in reduced miortality and morbidity to birds. The
anthranilic ester may also be Incotpocated into a polymer 1o
reduce the lLikelyhood that birds will ingest or otherwise
ocally manfpulate the treated polymer.

Ag used beredn, the term “binds™ refert to members of the
clase “Aves”.

Ag used herein, “utilization” refers fo contact by the bird.
Such utilizations thet may be repelled include, for example,
bill dipping or swimming in comtaminated waters, and
landings on a varizty of hazardous surfaces such 2as runways
and patking Iots.

"Matetials™ from which birds are to he repefled from
consuming or utilizing, as used herein, refers to materials
otherwise susceptible to consumption o utilization by birds.
Examples inciude edible and pon-ediblc materials such as
water, fcods, aops, waste waters, sceds, polyrmer surfacs
coatings, and agrichemicals such as pesticides and heehi-
cides. Those skilled {n the art will recognize other matesials
which would benefit from the methods of this invention.

A compound is an “avian tepellent compound™ if it is
capahlc of repelting binds from consuming or utiliziop &
material otherwise suscepfible o consummption or utilization
by binds.

An “svisn repelleat amount” suitable for use in the
methods of this invention i3 that amount effective to reduce
the amount of consynption o utilizetion of the material by
birds. This amount can be easiiy determined by methods
known 1o those skilled in the art. For example, one can test
to determine the amount of compotnd necessary w achicve
repellency similar to repellency of knowan repellents on the
sarue type of materisl. Such testing rosy involve testing a
series of concentrations to deterruine the amount of com-
pound thet provides the desired repellency for the material
60 which it is to be applied. Generally, compotnds are used
in an amount to provide &t least about 0.001 to 1% viv o wiv
of srid componad.

Birds are sepelled from 3 material when utilization of
consumption of the material by birds is reduced. In the
methods far repelling binds from consurming or utilizieg a
material othexrwise susceptible to consurmption or utilization
at Jeast one compound is utilized that reduces the amount of
consumption or utlzation of a material by birde as com-
pared to consumption or utilization by birds in the absence
of the campound.

In prefared embodiments, the avian repellent amount of
corapound is that amount sufficient to reduce the consump-
ton or utilization of said rnarerizi by said birds to at least
about fifty perceat (S0%) (30d most prefecahly at least about
ainety peccent (90%)) as compared 1o the amount of raid
material which would otherwise be consumed or utilized by
said birds in the absence of said compound.

The compoupds disclased heorein arc available from a
variety of commercisl sources, such as, for example, Aldrich
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Chemical Co.. Milwaukee, Wis.,
Cinctnnati, Ohio.

Meuthods (o test compounds to confliera thelr abllity to
repe! are known to those in the art and several ars detailed
in the Rxamples. Bricfly, onc suitablc test camprises com-
paring the consumption or utilization tvy a bird of a maserial
with the consumption or wtilization by a bird of the same
material 0 which an #vido repallent compound has been
provided, whereby a reduction fn constumption of the mate-
rial with said componnd coofirmus the ability of said com-
pound to repel. hirds from consuming or utilizing mafcrials
susceptible to consumption or utilization by hirds. Far
example, a compoeand which whes provided o a matetial
tocrcases avian ulilizstion or consumptioa of that materdal
by a statstically significant amount as comparcd to avian
consumption or wtilization of the same nterial in the
sbseace of the compound, the avian repelleacy of the
compound is confirmed. Statistical zignificance may be
judged LY appropriate statistical tests, including but not
limited to a t-statistic or analysis of variznce, relative (o &
plain water control al 2 probability level of 0.05 or less.

Yariations and modifications of the aforementioned can,
of course, be made without departing from the spicit and
scope of the invention as discloeed herein, and those skdlled
in the art wifl recognize multiple utilizations of thc present
invention, that are within the soope of this disclosure.

and FMC, Specrialtics,

BXAMPFILES
Materials and Mcthods

DRINKING ASSAYS

Proccdure.

Starlings (Stuwrnus vielgaris) were choses as test animals
because previous experiments showed them o be goud
models of avian sensitivify (Clark and Shah 1991). Starlings
were individually caged (61x36x41 cm) under a 12:12
light:dark cycle for at least a two week adaptation period and
given free aecess w Purina Flight Bird Conditloner (Puritia
Mills, St Louis, Ma.), water and oyster shell grit (United
Volunteer Aviaries, Nashvilile, Ten.). Captore, maintenancc,
and experimental protocol were camied out in compliance
with guideliors set furth by the Instirudogal Animal Care
Comumitlee.

The ex; tal design utilized a standacd drinking
assay (Clark and Shah 1991), and consistcd of an adaptation/
agsignment aud treatrnent phasc.

During the adaptationfassignment phase, birds were pre-
scoied with tap wate contudned within calibrated drinking
tubkes for cach of five days. Water intake was recorded cvery
two hours for a total of six hours, after which the graduated
tubes were replaced with standard water bortles. Starlings
(n=36) were ranked on the basix of mean water cotiumption
and assigned to onc of six groups in 2 counter-balanced
fashion. Simiarity for water coasumption among groups
was validated using a one-way analysiz of varjance (1-way
anova), and was a prerequisite for further tosting. Groups
wrre next randomly assigned to receive one of six concen-
trations of a single compound.

During the trcatment phase, groups were preseated with
one of six concentrations of test repelicnt and fluid intake
was nwnitored cvery two hours for a total of six hours, Total
consumption was noted and divided by that individual’s
pretreatment waler consumption. This ratio is called the
repeilency index, Daty were tested for normality and vaci-
anccs for heterogeneity. “1rcatruent and concentration effects
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were analyzed using a repeated measures, 2-way analysis of ~ Second, molecules with intramolecular H-bonds were better
variance. Post-hoc tests were evaluated using a Duncan’s  repellents. Third, repellency was related to the electron
multiple range test. Statistical significance was assumed if  donating capacity of the electron donating group, where
ydroxy. Fourth,

the probability for each test was, P<0.05. capacity is ranked as amino>methoxy>h .
5 isomers were not all equally repelleat, indicating that an
FEEDING TRIALS empirical characterization of & molecule is an
Procedure. basis for evaluating repellency. For example, OAP is an
order of magnitude more potent than its methoxy isomer

Two-cup tests. The procedures detailed in Mason et al., (MAP), where pote
ncy was cvaluated as the test concentra-
supea, (1989) for 2-cup avian repelleacy cvaluations were 10 tion for which a 50% suppression of bascline consumption

- followed. Briefly, for cach isomer, starlings were randomly { (Table 1). The isomeric effect s even peo-

sclected, weighed, and then assigned to treatment groups
(n=6/group) o the basis of mass. Specifically, the heaviest  Lonood Whed tho electron donattig cfect s dimifished,
bird was assigned to the first group, the next heaviest tothe  C; By droxyacetophienone moicties. The ortho isomer
second group, and 5o on. During the 4-day pre-treatment (2HAP) is repclleat, but the meta (3HAF) and pars (4HAP)
period, all food was removed from the cages within 1 hour 15 isomers are totally nonrepellcat.

of light onsct. Next, 2 cups, each containing 50 g of PFBC TABLE 1

were placed in the front center of each cage. Cups were

bound together with a rubber band to reduce spillage, and Summary of repellency for Acetophenone moictics.

consumptionwasasscssedaﬁchhours.Aﬁmtesting,and20 )

until light onset of the following day, birds had free access : o () nmulsﬁu

to feed. ; ot the 0% (the spproximate water
On the day following the last pre-treatment day, a 4-day  Compound Repellency Level saturstion Emit)

. treatment period began, Within 1 hour of light onset, each 26 oS
group was given 2 cups. One contained 50 g of PFBC 4 ummu" infinity 10
tharoughly mixed with different concentrations of a candi-  4-tydroxywcctophenone  dnfinity 10
date repellent. The other contained 50 g of plain PFBC. Cups =~ 2-oxthoxysceiophenone 26 0.1
were bound together with a rubber band, and cup positions Wll i‘: %
were altcrnated daily. As in pre-treatment, consumption Was  o_mincacetophenone L7 ' 016
measured after 2 howrs. At the end of the fourth treatment 55 3-eminoacetophenons 137 031
trial, all birds were re-weighed to assess whether any change  4-aminoscetophenone 58 015

from pre-treatment mass had occurred.

The ratio of an individual’s treatment to pretreatment Discussion: When the clectron donating amino group is in
consumption was taken as an index of relative repellency. A the ortho position, intramolecular hydrogen bonding
score of 1.0 indicated no difference between pretreatment 35 petween the carbonyl and amino group is possible. Electron
and treatment food intake, A scoce of zero indicated com- sharing with the benzene ring is possible through resonance.
plete rejection of the treated food. One-cup tests. The  When the amino group is in the meta position, no intramo-
procedures detailed in Mason, J. R, et al., supra, (1989) for lecular hydrogen bonding is possible and electron sharing is
1-cup avian repellency evaluations were followed. Briefly,  primarily through induction. When the amino group is in the
for each candidate repellcnt, starlings were randomly 40 para position, there is still no intramolecular hydrogen
sclected, weighed, and then assigned to treatment groups  ponding, but electron sharing is possible through resonance.
(n=G/group) as described above. On the day following group Methoxyacetophenones were sclected because the meth-
assignment, a 4 day pre-treatmeat pediod began, ideatical in o3y oroup is Jess basic than the amino group and no
all respects to the 2-cup pro-treatment period, exoept that )00y o1ecular hydrogen bonding is possible for this mol-

~cach bird was preseated with only 1 cup containing 50 g of 45 oyie Resonance effects are similar to the aminoacefophe-

PFBC. A 4 day treatment period immediately followed  pones for cach of the isomers. Hydroxyacetophenones were
pro-treatment, and during cach treatment, cach group Was o1 because they arc the least basic of the acetophenone
different amount of candidate repelicat. Consumption was when in the ortho position. The comparison of these moi-
recorded afier 2 hours. Birds had frec access to plain PFBC 50 otjes demonstrated the relative importance of intra-
and water during the night. At the cnd of the fourth treatment molecular hydrogen bonding, basicity and resonance for

trial, all birds were mdw avian lq’dlcﬂcy.
The repellency scoces were calculated in the same manner
as far the two-cup tests. Example 2
Example 1 53 Refinement of the Structure-Activity Model:
Benzoic Acld Degivatives
Development of & Structure-Activity Model Summary: The generality of the structure-activity rela-
Acctophcnoncs tionships derived from the Acctophenone Tests was made by

Summary: Isomers of three acctophenone moictics were 60 cvaluating dose-response profiles for & different class of
studied to determine the coatribution of isomeric position, compounds characterized by different physicochemical
electron donating group and intramolecular hydrogea bond- characteristics, e.g. benzoic acid derivatives. The results
ing on repellency (FIG. 1). Repellency was evaluated using indicate several important trends (Table 2). First, not all
a standard dosc-responsc assay for fluid intake. Scveral — aromatic compounds are repelicnt. Aromatic structures must
geacral molecular featares ocontributed to repelleacy. First, 65 possess certain specific structural and electronic propertics
not all scctophenones were repellent. Repelicacy was char-  to be repellent. Second, isomers do not have identical
acterized by specific structural and electronic features.  repelleat properties, c.g. 2-aminobenzoic acid is repellent
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while the 3- and 4-position isomers are aol repellent, Thicd,
distortion of the pi clectroa cloud diminishes the repelient
cffect. Fourth, deeceasing clectron richncys of the aromatic
ring diminishes repellency. Fifth, of the coropounds tested,
oaly the amino isomeric substitutions showed rcpcllent
cifects. In geacral, repellency is correlated to the gencral
structural and electronic features ideatified in Bxample 1.

st the 50% ncy
Compod Repcliency Level @ 05% -
bonzoic meid infinity 10
L-aminohenxcic: acid 008 am
3-amxmobenpcic acid 0.28 0.65
4-aminobenxoic acid 9.7 0.41
S-nitre-2-amimobeattaie aid 0.50 0.68
2-mesthaybenzoic acid 0.4 0.64
Saethoxybenzoie scid s 074
4-methaxybenzon scid infinity Lo
2-hydroxybenaic acid 021 0.64
antrmilcnide ity DA%
bearamide infinity 041
o-carboathoxybenzens infinity 10
rolfoaanside
4-ketvbonztriazios 002 0.23

Discussion: Benzoie acids were choscn (0 ¢xamine the
effects of increazing the acidity of molecules by replacing
the csrbanyl electron withdrawing group attached to the
benzeac ring with a carboxyiic acid. The 2mino substitution
for the clectron donating grotp was chosen for examination
because it represented a highly basic substitient, As was the
case for soetophenone maieties, the ortho position in anthea-
nilic acid is capable of intramolecular hydrogen bonding,
while the mnefa and para isomers are not. Hlecfron sharing
with the benzene ring for these Lsamers is throwgh resonancs
for the ortho and peea isomers and induction for the meta
isotmer. ]

The methoxy and bydraxy moictics were choscn because
they represeuted 3 bess basic electron donating group than
the amico substitution. 5-nitro aathranilic acid (5-niro-2-
amipobeazale acid) was seltcied to increase the electron
withdrawal from the phenyl ring. In this case intramolecular
hydrogen bonding is still poasible between the amino and
carboxyl groups. though the electroa sharing via rescnance
is more uniformly spread over the entire molecule.

By adding & nitro group to anthranilic acid (an otherwise
good repellznt), the additdon of a strong withdeawlng proup
was tested ag to how it affected pepellency (e.g S-nifro
enthranilic acid). BExaminatdon of anthwanilamdde allowed
testing of the effect of intermnzlly compensating (he electron
withdrawsl capacity of the carboxyl group om repejlency.
The internal compegsation far withdrawing capacity allows
the dozuting amino group to comribute electrons o the
pheay! ring. Examisation of benzamide showed how intes-
nal compensation of the withdrawal groups and elimination
of the donarion group effects repellency. In this case, reso-
naece within the phenyl ring is unaffocted and the ring is
relatively alsctron poar when coropared to anthrami{smide.

Previous work had shown that csters of benzoic acids are
good repellents. The findings herein indicafe that planarity
of the pi cloud formpation is also important far repellency.
Examination of o-carbocthoxybenzeae sulfonamide showed
how distartion of e pi cloud affects repelieacy. Isataic
anhydride was sclected because the rigid planac strncture is
maietsined via covalent bonds but the hetero ring is strongly

5
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withdrawing, thus making thc phcnyl ring electron poor.
4-ketabenziriazine was sclocted because it maintaing a pla-
nat stracture i the hetero ring, but donates electrons to the
ghenyl rog.

Of all the single substiutions of electron dopuling groups
for benzoic acdd derivatives, only the amino isomeric sub-
stitutions showed repellent effects. Consumption for afl
concenteations of benzoic acid, salieylic acld, and isomess of
methoxy beszoic acld were all similar (o pretrestment
consumption levels (F>0.05). Consumption of water
decrersed a8 & function of Increasing concentration for meta-
and 4-aminobenzoic acid (F=5.55, P=0.004 and F=3.59,
P=0.021, df=5,17, respectively). Anthravilic acid was the
most effective repellent of the benzoic acid series (F=24.29,
P 0.001, df=5,17). Post-hoe tests indicated consumption
levels were similar for 0.5, 0.25 and 0.13% coacentrafion
and thut.conswmption for Lhix group differed from the contral
and 0.03 and 0.06% concentrations. Most striking was the
magnitude of drinking suppression, nearing zere consump-
tion fur the highust cuncentrations lested.

Consumption did not ditfer from control levels for isatoic
anhydride, o-carbocthoxybenzcne sulfonamide,
2-aminobenzamide, and S-nitroanthrandic acid within the
heterocyclic series (P>0.05). Consumption was not attected
by isatnie anhydride or o-catboethoxybanzens sulfonarmide
{(7=0.05). Oaly consumption for 4-ketohenziriazine showed
any repellent etfects (F=£.19, df 5,30, P<0.001). Ouly the
highest concentration did not gigrificantly differ from zcro
consumption, thosgh reduced consumption was evident for
concentrations as low as 0.05%.

Bxample 5

Test of the Predictions of the Stuctare-Activity
Modol: Aromatic Structurex

Summary: A total of 45 compounds were cvaluated for
avian repelicacy. Prior to such evaluation, an a peiosi pee-
diction was made whether the compound would be repellent
or not using the gaidelines set forth herein. The compounds
were cvaluutod by measoring the arnount of Auid (containing
8 candlidate repellont) consumed, and comparing this intake
to that obzerved for controls (birds consuniing plain watet).
A compound was comsidered repellent if noake over & six
hout period was statistically different refadve to the conmtrol
(P<0.05, indicated by an asterisk in the table). The prob-
ability writerion used iv the acoepted valus uscd by scientists.
Concentrations tosted were similar for all candidate
repelleats, ic. 5,000 ppm. ‘Table 3 contains the chemical
identity, the a prioci eapectation whether the chiemical
should by an avian repelieat (+) oc aot (0}, and the results of
the evaluation of repellency.

The peedictions of repellency were concardaat with the
experimeatal observutions for 41 of the 45 chemicals cvalu-
ated. Axsaming that thete is 2 50% chance of predicting
repelleat activity comrectly (without a pricri information on
strycture-setivity relutionships), the guidelines give a high
probability of accuratcly identifying the likely activity of a
candidate repellent (z=5.52, P<0.001).

TABLE 3
Rvalustad
Chemical Jdentity Prediction  Repelfeocy
asetophaacme + repedlant
Zamnge 4 S-dimcthaxyscefopheozae + repelient
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: repellency. Sixth, repellency of the structures identified by
i the structure-activity model do not operate via conditioned

learning, rather the mechapism for repellency is an

17 18
unlearned avoidance response, mediated via sensory irrita-
TABLE 3-continued tion of the trigeminal nerve.
Evaluated
Chensical 14 Prodicts Repellency s TABLE 4
N . Lo Summary of Repellency Characteristics of Other
x benzoic acid 3 noarepellent ) 2 o
H-methoxybenzoate + repellent .
methyl benzoste + repellent m (mgL) Minitnum
sodium benzoate
o 0 mmwdal oo Repileny Lovt 530 mgt
icylic scid o
wyl,‘,. "‘h‘:" 1 akookol + mm methyl-2-methoxybenzoste %3 g;i
Pybivugte; e AR o mbm methiyl benzoate 554 061
beta alanine 4] noorepellent sodium beazoate infiity 10
methyl ester of betha alsmine 0 noorepelleat 15 dmdnv% 170 026
methy! cionamate 0 noarepellent soetophenone 536 035
pbeuyl ethyl acetate 8 mepeﬁt :nd ¢ S_dimethoxyt v ifm 10
;‘m butyraie 8 ml"“&‘ scetylsulicylic acid 1429 053
cimamy! aldehyde Q noarepellent M 636 0.06
ethyl phearyl acetate + repelicnt 20 2-aminobeszyl aloobol 435 025
methyl pheayl scetate + repellent N'wam L 827 , 036
eyl ci 1 0 leat Z-mmbmsdfmc scid  infinity 10
benzyl acetate 0 pranicotman methyl sabicylate s61 040
cinmuy] “"‘Ml ! repellent methyl ester of beta-alanine s oes
pheacttyl aloobo T rpefal S betr-alanine infinity 10
phenyl acetalaldchyde Q nonrepellcnt
T [ nonrepellent
benzophenone 0 noarepellent Example §
b rrrain T Further Characterization of Other Aromatic
o-anisaldchyde + repellent 30 Structures
P”‘.’: : m Summary: Conjugated forms of non-benzene aromatic
pyrazine . repelleat structures were identified as likely repelleats using the
indo! + sepelient criteria established in Examples 1-3 and tested. Assays were
piperazine + repelicat standard drinking assays and compounds were tested at an
-oqu:mk;!: + mpeg 35 equivalent of 5000 mg/L.. All compounds proved to have
S'bm”&., S mabordros ine : e repellent properties (Table S). The best repellents are those
2-acetyl thiszole + repellent possessing an aromatic structure and a heterocyclic ring,
z'-”df thiophene + myel;:t: c.g., isoquinoline, indole, tetrahydroquinoline, 5,6,7,8-
thiszo Do + repel tetrahydroisoquinoline, and benzothiole. Compounds with N
tetralzydroquinoline + repefleat 40 in the aromatic structiure were less effective than thiole or
pheny! structures. Aromatic structures with conjugated sub-
stituent groups or were also good repellents, e.g.,
Example 4 2-acctylthiophene and 2-acetylthiazole. The saturated ring
Detailed O ization of Other Benzene structure, pipcrazine, was not among the best repelients.
Structures 3
TABLE 5
Summary: Other benzene structures were evaluated for —
repellency in view of the structurc-activity relationships Summary of Repellent Characteristics for Other
illuminated in Examples 1 and 2. Standard drinking assays ~————Aromstic Compounds. __
were used for the evaluation process. The general features of 50 Compound Repellency at 5000 mg/L
the structure-activity model were confirmed (Table 4). First, —
isomers were not cqual in their repellent effect, e.g. ;”q“m‘ l“‘l. i g‘g:
2-methoxybenzoate was a more potent repellent than its tetrabydroquinoline 0.10
4-methoxy isomer. Second, the aromatic ring is critical to benzothiole 0.15
repellency, ¢.g. beta-alanine and the methyl ester of beta- 55 indole 0.16
alanine arc analogous nonaromatic structures to methyl '5’76'".;5”‘8 hvdroisoquinol: g'g
anthranilate and dimethylanthranilate, yet they are not repel- Z-acetyithiszole 0.34
. lent. Third, the clectron richness of the aromatic structure is thizole 0.35
i important. Fourth, the acidic function of the electron with- pyrole 035
. drawing group is important. Acidity in the electron with- 60 Prperazine ot
i drawing substituent tends to hinder repellency. Fifth, stearic hid
cffects and extreme delocalization of lone pairs of electrons
(as occurs with meta isomers and aromatics multiply sub- Example 6
stituted with electron withdrawing groups) interferes with
65 Further Characterizations of Acctates

Summary: Acetates have been postulated as having repel-
lent properties (Crocker and Perry, 1990) on the basis that
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S0me aromatic esters, ¢.g anthranilates are bird repellents.
Random sclection and testing {using standard drinking
assays) of comrood scctalcs reveals scveral patterns. First,
aof all aromatic compounds are repellent. Secoad, acetates
are pooy repelientz, These results are not sutpeising in light
of Examples 1-3. The sromatic substituents of the tested
acetatez are not planar to the pi electron cloud. Thus,
repellency is sterically hindared for thir group of com-
pounds.

TABLE 6
Mﬂﬂi Repalieat Charsctofistics for Acetatrs
Coxspousd Misicnurty Repeliency st 3000 mg/L
benryl scetets 0.41
etty] coompryats 0.4G
wacthy] phemylacatar Q.46
egiryl pheoy facetate 0.54
phauyl ediyincetats .73
methyl ¢innamate 1.0
Example 7

Further Characterizations of Aldehydes

Summary: Scveral simple aldchydes were sclected for
testing using the standard drinking assay. Several trends
were observed. First, not all acomatic aldehydes were repel-
leat. Second, pon-conjugated sldehydes were poor
repellents, e.g., pheaylacetylaldefyde. This is coagistent
with the structure-scfivify prediction that only conjugated
substituents should be good repellents. Third, the double
bonds within the alkcne substitucnt, e.g.,
bydracinnamaldehyde, minimized stcaric hinderance
effects.

TABLE 7
Suxpary of Repeliant Charactaristizg for Aldabpdes.
Compaand Minionan Repelieacy &t 5000 mpd.
(179 2]
o-aniaakdehyde 017
o-tahmldapds a8
hydroc axiamabdetiyde 0.31
o-nalicaldetryde 0.33
Py lacoty laldahipde 033
banzophanone 1.0
Example 8

Confirmstion of the Stragture-Activity Model:
‘ Aminvacetophenooes

Summary: Repellent cffccts of aminocacctophcnones were
evaluated in fecding isls uxing standard fecding assays.
2-Cup tcsts npproach the scoaitivity of drinking tests. The
ranking of cepellency for each of the assays was consiirent
with the drinking asssyz. Ortho and para isomers were better
repelieats than the metz isomer. Higher concentrations of
repellent ware aoceded in feeding tials o produce the same
effect as found in drinking trinls.
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TABLE §

Sgmniwry of Ravellenay for Aminasceinghenione Feeding
Ttials,

Coxopoda)’ Repelleney: 2cup  Repellaney: 1cup
o2miboacetnphennns 013 X {]
ulphuaniivaralopleusme L.2% 030
aminoszetophenone 0.22 0.80

.14 O.f6

4=anioucatoplyeckne

*Al compounds meported bare were evalnated at 1% {pig}.

Hxample &

Confirmation of the Stucture-Activity Model:
Vanillin Derivatives

Sununary: Vanilitn detivatives were evaluated for theic
repellent effect uging standard feeding assays. Several recur-
rent trends cmerged. First, not all aromatic compounds are
repellent. Ounly thosc with structoral and clectronic charac-
feristics conwistent with those delineated with the model
showed good repellent activity. Second, compounds with
long chain substitocots were oot repeilent, €.g. casaicin and
methy] capyuicin, This {s cuosistent with the model’s pre-
diction that stearic hinderance will desrease repellency.
Third, compounds with two mcthoxy groups as clectron
donating substituents, e.g. veraayl alechol, veratryl
acetamide, verateyl amine, were hetter cepellents that those
with hydroxy groups, e.g. vanidly!l alcohof and vanmillyl
acetamide. Poutth, compounds koown o be repelicat to
manmals, i.c. capsaicia and methyl capsaicin arc not repel-
lent to birds. This [s congistent with. observations that the
hied repellents identified are genexally aof wpdlent
mammals, indicating ditferent sensory wotlds between hirds
and marmmals as to the character of a chemoirritant,

TABLE 9

Sunary of Repelensy for Vandllin Desivatives.
Repelizaiiy:  Repellzncy:
Tcup

Compaund Concentestion (%) 2cup

wenitlin 1.7 005 0.88
vanillyl aloadol 17 0.22 100
veveiryl wlocho! 1.9 (2] (6% 4]
capeaicin 1.e — 1.00
madhyl capsaintn Lo 078
venillyf scctantide Lo 1.0
veeatryl amine 10 — 013
yeratryl eoctamids Lo — 0.13

RAxample 10

Confirmaticn of the Structurc-Adtivity Modcl:
Coniferyl Bepzoate Derivatives

Suntmacy: Coniteryl henzoate derivatives were evaluated
for their rcpelleot effect using standsud fecding assays.
Scveral recumrent rends emerged. Compounds with a
hydroxy attached directly to the beazene ring or the zipha
carbom were characterized by lower repellency. This is
consistent with the repellent detracting effects of relatively
acidic functions found citha in the clectron dondling or
withdrawing groups. The mure basic methaxy substitoent
substitutions werc characteristically better repelleats.
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TABLE 10

Summasry of Feafing Repellency for Coniferyl Benzoate
__Deristives

Concent-

Compoand (%) 2cuop 1-cup
benzoic acid 138 067 037
coniferyl bexzoete 160 050 089
cinnamyl benzoste 134 033 056
conifery] alcobol 101 047 071
cimnamy] slcohol 152 043 0.64
3 4-dimethoxycionemylbenzoete 168 02s 040
3A-dimethoxycinnemy] sleohol 109 006 033

Example 11

Anthranilatic Esters as water repelleats
Example 11a
Wastewater

Procedure.

Birds.—Adult Europcan stadings (Stzanu.r vilgaris) were
decoy-trapped and transported to the laboratory. Upon
ardval, the birds were individually caged (61>x36x41 cm)

. under a 12:12 light:dark: cycle with light onset at 0700 h.
Food was available ad libitum. Before experiments began, 0

the birds were permitted free access to tap water.
One-choice Tests.—Starlings were givea 3 days of pre-
treatment during which water consumption was measured
for G hr. At the ead of this period, individuals whose variance
sbout the 3 day mean consumption was greater than & ope 44
standard deviation of the population variance were excluded

-from_ the trials. Those birds with stable daily water con-

sumption were ranked according to mean water consump-
tion and assigned to treatment groups. The bird with the

.highest water consumption was sssigned to the delonized, ,,
-distilled water treatment group, the bird with the second

highest consumption was assigned to the leachate pond-
water treatmeant, the bird with the third bighest consumption
was assigned to the MA4delonized, distilied water treatment
and the bird with the fourth highest consumption was
assigned to the MAHeachate pond-water group, and so
forth, until all birds were assigned to a group. (MA concen-
tration 0.5% v/v)

After assignment to a treatment group a 1 day drinking

“trial began. Birds had free access to feed and tap water so

dmingthcnight.BcginninguOQSO the water was replaced
conceatrations of chenicals and consump-

ﬂonwumcaﬂedcvaylhmformcnm6hm1\ftu
the test, birds were given free access to tap water. Consump-
tion of tap water was monitored overnight and that of
deionized, distilled water the next day, and these values were
compared with pretreatment drinking to determine whether
consumption had returned to normal. There were no
mortalitics, and at the end of all experiments birds were
released to the wild.

Analysis.—There were no differences of mean consump-
tion of dedonized, distilled water among groups during the
pretreatment period. All data were found to be homogeneous
unless otherwise noted. Data were analyzed using a one-way
anafysis of variance (ANOVA) with the main effect as
treatment group. Post-hoc differences were determined

using a Scheffe’s test.

22

Results.—There was a significant treatment effect (FIG.
2, F=23.8, df=3,68, P<0.001). All treatments differed from
onc another at the P<0.05 level Birds consumed signifi-
cantly more pond-water than any other type of water. Next,
s birds consumed high levels of deionized, distilied water.
Addition of MA to the deionized, distilled water reduced
consumption of water to onc-half the untreated level
Surprisingly, addition of MA to wastewater decreased con-
sumption to levels statistically indistinguishable from zero
10 consumption (P<0.05). This dramatic reduction indicates a

synergism between MA and the non-potable water.

Example 11b

s Fresh Water Field Trials

Procedure.

Birds.—Sixteen mallards (Anas. platyriincus) and 16
ring-billed gulls (Larus delawarensis) were funnel or rocket
trapped and kept two birds/species to a pen. Pens were 8x4

2 m comals, each with an attached 2.52.5:2.5 m shaded
holding pen. Peas were set up ot mowed grass in an arca

isolated from human disturbance. Each corral had 2, 0.8 m

diameter or 2, 1.0 m diameter plastic pools filled with 40 L

or 90 L, of water (10-12 an deep), respectively. For cach of
25 2 days, 2 mallards, with primary feathers pulled on 1 wing

to prevent flying, were placed in each holding pen and

. released daily for 9 hrs into the corral to acclimate to the test

- condition. Each comal contained 2 pan with cracked corn,
millet and commercial duck food.

Treatments.—On test day 1 at 0800, 2 formnlations of
MA embedded in a polymer were applied to fresh water
(0.5% wiv) in a randomly selected pool in each carral
Formulation 1 contalned 16% MA and was applicd to the
pool as 1 part formulation to 200 parts water, yielding 0.08%
concentration of active ingredient in the pool. Formnlation
2 consisted of 64% MA applicd to the pool as 1 part
formulation to 200 parts water, yielding a concentration of
0.32% active ingredient. Water depth was measured to the
ncarest ml and the 2 maflards were released into the corral.
One of 4 observers (2 corrals per observer) watched each
comral for 120 20-sec intervals (40 min total) over the next
2 hours. The observer recorded the number of mallards in
cach pool (pool use) during each 20-sec interval and the total
number of times a bill touched the water (Le. drinking or

4> bathing activity) for each pool. At 1600 the water depth was

remeasured and the mallapds were returned to their holding
pen where they were provided with food, but no water, This
routine was maintained on days 2, 3, and 4. The mallards
wese kept in their holding pens on day 5 (with drinking
water and food). On day 6, they were released into corrals
with only the MA-treated pool available. The birds were
obsesved as befare and the experiment was then terminated.

For the gull experiment the methods were the same as for

ss Amalhxds, except that the tests took place in the holding peas

(the gulls could fiy) and only 1 formulation (#2) of MA was
used. The gulls were fed fresh fish daily. Four pens were
used.

Analysis.—Data were analyzed using a repcated mea-

6o sures analysis of variance with days as the repeated measure.

Results.—Both formulations of MA were effective in the
duck experiment at keeping mallards from swimming, or
bathing in MA-treated pools (FIG. 4, F=46.1, P<0.001 and
F=12.5, P<0.01, df=1,3 for formulations 1 and 2,

65 respectively). Both farmulations were also effective at inhib-

iting drinking and bill dipping behavior by ducks (FIG. 3,
F=47.1, P<0.01 and F=42.9, P<0.01, df 1,3 for formulations
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1 and 2, respectively). During the 4 days of the 2-choice fest
98.5% of the entries [nto pools by ducks and 96.1% of bill
contacts were (n the untreated pools. In the lwhoice test,
where ducks wese only exposed to poals treated with Ma,
use of the pools far eotries and drinking was resiricted to
96.2% and 91.2% relstive to prefreafmem levels respec-
tively.

Repellency was even moge protwounced in the gull experi-
ments (FIGS. 3 and 4). During the 2-chaice tests for for-
mulation 2, over 99% of entries and bill contacts were in the
untreated pools (P=61.2, P<0.01 and F=55.7, P0.01, df=13
for swimming and bill dips, respectively). For the 1-choic
kests, only a single incidence of pool wse and 83 bill contacts
were recorded compered with a daily means of 38.8 and
552.9 for fresh water daring the previous fowr days.

The concentrations of MA in the farmoviations in Example
110 carresponded to 0.08 and 0.32%. Thesc values arc
substantially lower than effective dosages reported for feod-
ing trials in the laboratory. Thesc tests demonstrate the
applicabllity of labaratory data to water repellency in field
sitations.

We claim:

1. A method for repelling birds from consuming or
utilizing & material otherwise susceptible to consumption ar
wilization by birds consisting essentally of providing a
compound having ag arathatic core structure characterized
by ont of the following core ring sfructures

Ry

R

Ry Ry

R Ra

ﬁ|m R
wherein R or R)- & R;. is an electron donating group and
R, 15 an clectroa withdrawing group or a neutral group
which group does oot substantially hinder electron doaation
to ¢he core ring stracture by R, to sald material in an amount
sufficient to reduce consumption of szid material by at least
about fifty percent, provided that sald compound is not en
antheanilic ester or an ester of phenylacetic acld.

2. A method for identifying compounds for repelling birds
from conswming or utilizing a material otherwise susceptible
to consuraption or wtilization by birds consisting csscotially
of the following steps: a) sclecting a compound having an
arctastic core shructre characterized by one of the follow-
ing core ring stroctures

Ba
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-continned

Rz
X -
Ry Ry
K" Ry
wherein R, or R, or R, {3 un electron donatiug group and
R, is an eleciron withdrawing group or a neutral group
which group does not substuntially hinder clectron donation
to the ocre ring structure by R,; and b) testing said com-
pound tor repellency by comparing (i) the consumption or
utilization by a bird of a material with (i) the consunption
ar utilization by A bird of the sarme material to which an
avian repellent cornpound selected accarding to step a) has
been added, whiereby a reduction in consurmption of at least
about fifty psroent as camparcd fo the ameunt which wounkd
be consumed ar utilized by said birds in the absence of sald
compound represents repelicncy.

3. The method of claim 1 or 2 wheredn R, is ¢n clectron
withdrswing group.

4. The method of clalm 1 or 2 whertin R, is group capabic
of forming a hydrogen bonded rfing structure with an clec-
tron donating group.

5. The mothod of claim 1 or 2 wherein fhe electron
donating groups, R, ar R;. or R ju, conteibute electrons to Lhe
vore ring stucture.

6. The method of claim 1 or 2 whearein the clectron
donating group Ry, contributes clectrons to the cace ring
gtructure in the positions 2, 3 or (4) with respect o R,,.

7. The 1ethod of daim 1 or 2 wherein the cieciron
donating group is basic.

8. The mcthod of claim 1 or 2 wherein the substituents on
R, are of the type that do not substantially prevent R, from
domating clcctrons to the core ring sttucmure.

9. The niethod of claim 1 or 2 wherein there is inframo-
lecuiar hydrogen bonding between R, sod R, when R, is in
position 2 relative Lo R,.

10. The method of claim 1 or 2 whercin R, and R,
comprists 8 heterocyclic xing attached to the core riug
structurc,

11. 'The method of claim I or 2 wherein R, (5 a lower acyl,
nitro, carboxylic acid ar ester.

12, The method of claim 1 6r 2 whetein the electron
donating proup iv scleced from the group consisfing of
amine, o-lower atkyl, N-lower alkyl, and N-di lower alkyl

13. A methad of repelling birds from consuming or
utilizing a material otherwise susceptible (v consumption or
wtilization by birds consistiug essentindly of the following
stepy: 4) solecling at least onc comapound from the group
conststing of alpha-aminoacctophcnone, ortho-
aminoacctophecnone, mcta-aminoacetophenone, para-
aminoacetophenone, ortho-hydroxyacetophenone, artho-
methoxyacetophenone, meta-raethexyaceiophenone, para-
methoxyacctophenons, 3-aminobecnzoic acid,
4-aminobenzoic acid, 4-kctobenziriazine, coniferyl
benzoatc, cinnamy! henzoawe, 3-4-dimethoxycianamyl -
benzoatc, coniferyl alcohol, cinnamyl alcchol, 3-4-
dimethoxycinnamyl alcohal, acclophcoone, 2-~amino-4,5-
dimethoxyacctophcnone, mcthyl-2-methoxybenzoate,
mcthyl4-mcthoxyhenzoate, methyl benzoate, anthranil,
Z-aminobenzyl alcohol, N,N-dimethyd aniline, cthyl phenyl
acetate, methyl phenyl acetate, phenuthyl alcohol,
benzaldehyde, salicylaldehyde, o-tolualdehyde,
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o-anisaldchyde, pyrole, pyridine, pyrazine, indol,
peperazine, isoquinoline, benzothiole, 5,6,7,8-
tetrahydroisoquinoline, 2-acetyl thiazole, 2-acetyl
thiophene, thiazole, and tetrahydroquinoline; and b) provid-
ing an avian repellent amount of said compound to said

material.

14. The method according to claim 13 wherein said
compound is provided to said material with a liquid carrier.

15. The method according to claim 13 wherein said
. compound is. provided to said materdal with a.vchicle

comprising a starch, oil or polymer which at least partially
encapsulates or emulsifies the compound.

16. The method according to claim 15 wherein said
material is an edible and said vehicle and compound are
dispersed throughout said edible.

17. The method according to claim 13 wherein said
material is a liquid and said compound is dispersed in said
liquid.

18. The method according to claim 13 wherein said water
is non-potable water.

19. The method accarding to claim 13 wherein said
material is a bird edible.

20. The mcthod according to claim 13 wherein said
amount of said compound is that amount sufficient to reduce
consumption or utilization of said material by said birds by
at least about ninety percent as compared to the amount of
said material which would be consumed or utilized by said
birds in the absence of said compound.

21. A method for repelling birds from consuming or
utilizing non-potable water consisting essentially of provid-

10
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ing at least onc anthranilic ester sclected from the group
consisting of methy! anthranilate and dimethyl anthranilate
to said non-potable water in an amount sufficient to reduce
consumption of said non-potable water by at least about fifty
percent as compared to the amount of said non-potable water
which would be consumed or utilized by said birds in the
absence of said compound.

22, The method according to claim 21 wherein said
compound is provided to said non-patable water with a
vehicle comprising a starch, oil or polymer which at least
partially encapsulates or emulsifies said compound.

23. The method according to claim 21 wherein said
amount of said compound is that amount sufficient to reduce
consumption or utilization of said non-potable water by said
birds by at least about ninety percent as compared to the
amount of said non-potable water which would be consumed
or utilized by said birds in the absence of said compound.

24. The method of claim 18 wherein said non-potable
water is selected from the group consisting of free standing
water on airport runways, free standing water on parking
lots, industrial waste water, agricultural waste water, and
water from mine tailing ponds.

25, The method of claim 21 wherein said non-potable
water is selected from the group consisting of free standing
water on airport runways, free standing water on parking
lots, industrial waste water, agricultural waste water, and
water from mine tailing ponds.
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